Background: Oto-Acoustic Emissions (OAE) are low intensity sounds produced by the cochlea in response to an acoustic stimulus. Deliberate self-poisoning has become an increasingly common response to emotional distress in young adults (NHS, 1998). Organophosphate (OP) compounds are most commonly involved in 76% of pesticide poisoning especially in the developing countries like India. Several pesticides are neurotoxin which could potentially affect hearing and, animal studies showed that OP treatment leads to change in hearing threshold, outer and inner hair cell loss but human studies on the same are very few. Aim: The present study was aimed at exploring the cochlear changes after self-poisoning with OP pesticides by measuring the Distortion Product Oto-Acoustic Emissions (DPOAE). Method: 114 subjects were participated in the study, with an age range of 18 -30 years having pure tone audiometric thresholds within the normal limits and no history of middle ear pathology. They were further divided into two groups, I and II which includes self-poisoned and healthy subjects respectively. Results: The "pass" and "fail" criteria of DPOAE measures in group I were 30% and 70% respectively whereas in group II, it was found 91% and 9% respectively. Discussion: There was a significant failure in DPOAE in Group I (subjects who were self-poisoned) compared to group II (healthy subjects). The two important pathologies behind OP toxicity are the generation of Reactive Oxygen Species and the depletion of NADPH which is necessary for normal function. Conclusion: The results of the present study highlight that; the minute cochlear changes caused due to pesticide poisoning can be effectively measured through DPOAE. Further it can suggest in other clinical targets like Oto-toxicity, Noise-induced hearing loss, Meniere's disease etc., which has an effect on cochlear hair cells can be monitored through DPOAE.
Introduction

OP Pesticides and Suicides
Each year, nearly 900,000 deaths are due to suicide, which accounts for more deaths than homicides and wars combined. This number is believed to be largely underestimated as suicide as a cause of death is underreported in which pesticide ingestion is one of the leading suicide methods, estimated around three million cases, resulting in an excess of 250,000 deaths [1] . Deliberate self-poisoning has become an increasingly common response to emotional distress in young adults [2] . The substances most commonly used for self-poisoning are agricultural pesticides [3, 4] . Organophosphate (OP) compounds are most commonly used among them and are involved in 76% of pesticide poisoning [5] especially in the developing countries like India and could potentially affect hearing due to their neuro-toxic nature. The principle pharmacological action of all OP compounds is the inhibition of acetyl cholinesterase, resulting in over-stimulation of acetylcholine receptors. A few case studies have pointed to acute poisoning with organophosphate (OP) insecticides as one potential cause of permanent, bilateral hearing loss [6, 7] . Most of the studies in animals have demonstrated that these agents have an oto-toxic effect [8, 9] , and in humans both peripheral hearing loss [10] and central site for the damage are induced by solvents [11] .
produced by the cochlea in response to an acoustic stimulus [12] . A moderate intensity click stimulus or an appropriate combination of two tones can evoke outer hair cell (OHC) motility. This motility affects basilar membrane bio-mechanics, resulting in a form of intracochlear energy amplification, as well as cochlear tuning for more frequency resolution [13] . The OHC are the most vulnerable in peripheral auditory system [14] and damage to these cells leads to a reduction or absence of evoked OAE. Among patients with mild cochlear dysfunction, OAE may be recorded but amplitudes are below normal limits/absent for some or all stimulus frequencies. However, some patients (30% of population) with abnormal OAE, consistent with cochlear dysfunction, will have normal pure-tone audiogram [15, 16] . There is a consensus in the literature that OAE reception is highly stable [17, 18] and the primary targets include noise induced hearing loss [19] , Meniere's disease [20, 21] , oto-toxicity [22] [23] [24] [25] etc., OAE have been suggested as a tool for the early detection of auditory damage due to diabetes [26] and noise [27] . However, there is no strong evidence that solvents induce damage to OHCs in humans.
Need of the Study
The non-invasive nature, with their ease, specificity, sensitivity, accuracy and objectivity of OAE helps in assessing the minute/sub-clinical changes in outer hair cell function. Auditory damage induced by exposure to solvents in the occupational settings has been investigated and the case reports suggested solvent-induced oto-toxicity [28] . As the literature suggests auditory damage due to solvent exposure, it leads to more serious condition due to the direct oral ingestion of OP compounds. Hence the present study needs to ascertain the function of outer hair cells in the subjects who deliberately ingested the OP pesticides. In numerous studies, researchers have reported that OAE level changes preceded behavioural hearing changes in patients receiving oto-toxic drugs, whether pure-tone threshold were tested within the conventional frequency range [29, 30] . The increased susceptibility of OAEs to ototoxic damage compared to behavioural testing may reflect DPOAE sensitivity to preclinical changes in the cochlear outer hair cell function [31] . Such evidence supports the potential use of OAE testing for the early detection of solvent-induced hearing loss. It implies that when DPOAE begin to decrease before hearing threshold increases, it is possible that the test may allow us to predict future hearing loss [32] . Hence there is a need to identify the effect of deliberate ingestion of OP pesticide on DPOAE which helps to explore the cochlear changes among the individuals who manifest audiometric thresholds within normal limits.
Method
Subjects
A total of 114 subjects (68 males and 46 females) were taken in the study, with an age range of 18 -30 years. All the subjects must have pure tone audiometric thresholds within the normal limits, "A" type of tympanogram and presence of acoustic reflexes; and no previous history of middle ear pathologies. These subjects were equally divided into two groups ( Table 1) , group-I and group-II. Group I: subjects who were self-poisoned and admitted in People's Education Society, Institute of medical sciences and research Centre, Kuppam, with in the period of a year (May, 2010-2011) were included in this group and Group II: included 57 healthy subjects.
Instrumentation
MAICO MA 53 audiometer with TDH 39 head phones were used to measure pure tone audiometric thresholds and MADSEN ZODIAC instrument was used for Impedance audiometric measurements and DPOAE were measured using IHS software with a single channel smart USB lite hardware. DP-gram stimulus protocol include a frequency range from about 0.5 to 8 KHz with respect to geometric mean frequency, or 0.55 to 8.8 KHz re f2, along with a f2/f1 ratio of 1.22, a level difference of 10 dB, and absolute levels of L1 = 65dBSPL and L2 = 55dBSPL.
Procedure
The subjects who were participated in the study had been undergone for otoscopic examination, Pure-tone audiometry, impedance audiometry. Group-II which included the healthy subjects was randomly selected for the participation whereas Group-I which included the subjects who had deliberate ingestion of OP pesticides for suicidal attempt were purposively selected for the study. The test procedure for the latter group was administered after 7 -10 days admission in the hospital. Once it was ensured that suitable subjects were selected for the study (Bilateral hearing sensitivity within normal limits and no middle ear abnormalities), the subjects were evaluated by Distortion Product Otoacoustic Emissions (DPOAE) testing. The results were evolved based on "pass" or "fail" criteria and the responses were considered as "pass" if 7 out of 9 frequencies were above 6 dB noise level.
Results
DPOAE findings revealed the Pass or Fail criteria in both the groups. The subjects who had deliberate ingestion of OP pesticides (Group-I) were found to have "Passed" criteria of 30% (34 ears) and "Failed" criteria of 70% (80 ears). The healthy subjects (Group-II) were found to have "Passed" criteria of 91% (104 ears) and "Failed" criteria of 9% (10 ears). The failure result of DPOAE in the former group was bilaterally noticed which inferred the absence of DPOAE in both the ears. The results of 'Failure' criteria in DPOAE in Group-I (subjects who were selfpoisoned) compared to Group-II (Healthy subjects) and chi-square analysis had been done which was found to be statistically significant (p < 0.01).
The following Bar-diagram (Figure 1) represents the comparison of DPOAE findings between the groups.
Discussion
The current study showed statistically significant failure of DPOAE in the subjects of group I which unfolds cochlear changes following pesticide ingestion. The two important pathologies behind OP toxicity are the generation of Reactive Oxygen Species (ROS) and the depletion of NADPH which is necessary for normal function [33] . A study [34] reported oxidative damage following OP poisoning. ROS are associated with drugs like cisplatin, amino glycosides [35, 36] and noise-induced [37, 38] cochlear pathology. The authors suggested that the intoxication route of solvents in the inner ear would be via blood transport from the stria vascularis or the spiral prominence. Then, solvents would diffuse through the outer sulcus by the lipid-rich content of the membranes and reach the lipid-rich Hensen's cells. The latter cells are in close connection with the Deiter's cells, which are located under the OHCs, and thus the target is reached. However, the route of solvent-induced cochlear damage has not yet proved. Very few human studies have examined ototoxic effects with pesticide exposure but no studies have assessed the ototoxic effects following acute exposure to OP (even in deliberate oral ingestion conditions also). A study [39] was done on OP poisoned patients to know the ototoxic effects on ABR which concludes that the generation of ROS following the ingestion of OP, may not be sufficient to cause lesions in the auditory pathway but damage to the inner and outer hair cells cannot be excluded. Hence the current study explains the changes in cochlea which was represented by significant absence of DPOAE in the study group. These results suggest that exposure to pesticides and in particular, OP compounds, may contribute to hearing loss.
For clinical audiologists, there are two important issues to consider when assessing solvent-induced hearing loss [40] . The first is related to early detection. It is integral to the scope of practice for audiologists to diagnose a hearing loss in its initial stage, and thus reduce the chance of further, progressive damage with the adverse consequences on clients' quality of life. Another aspect of clinical practice for audiologists is the auditory rehabilitation and the enhancement of quality of life of persons with hearing impairment. The first stage of any auditory rehabilitation plan is a comprehensive evaluation of the auditory damage. Rehabilitation then focuses on those aspects of audition that are especially affected. For solvent-induced hearing loss, such characterization requires the use of tests sensitive to abnormalities of both peripheral and central auditory structures. Hence the present study states the importance of DPOAE in detecting the damage due to OP poisoning. The future research should be focussed on determining frequency specific responses of the DPOAE on the subjects, which will be of great use.
Conclusion
The current study concludes the significant changes in cochlear outer hair cells after self-poisoning with OP pesticide which was reflected by the significant failure in DPOAE in the subjects who were self-poisoned. So these agents may induce auditory damage not only in animals and but also in humans. Audiologists should be alert to the oto-toxic properties of OP compounds and conduct a comprehensive audiological assessment even in the conditions of deliberate ingestions.
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